Trypanosoma cruzi, the etiological agent of Chagas' disease, is a protozoan parasite that affects over 20 million people in Latin America. The onset of human pathology may be extremely diverse and depends on the parasite biology as well as its relationship with the host. Infection may be acute or chronic, and the last one frequently involves long-lasting inflammatory lesions and immune system disorders with progressive pathology in the heart, esophagus, or colon. In the mammalian host, the parasite life cycle includes the nondividing, blood-circulating trypomastigotes (Tp), which infect nucleated cells, and the replicating intracellular amastigotes (Am), which reside in the cytoplasm of the infected cell (10) .
Several reports showed that T. cruzi induces both Th1-type response and nonspecific immunosuppression during the acute phase of the infection (2, 38, 51, 53) . However, the mechanisms that control parasite replication and maintain low but persistent numbers of circulating parasites during the chronic phase are not well understood (25) . In the murine model, the inability to produce gamma interferon (IFN-␥) is lethal. Various studies have shown that IFN-␥, tumor necrosis factor alpha (TNF-␣), and interleukin-12 (IL-12) are important for the control of this infection by ensuring the induction of an efficient adaptive host response (1, 7, 18, 35, 55, 62) .
Dendritic cells (DC) possess special features that allow them to act as professional antigen-presenting cells (APC) (8) and are central in the initiation and development of immunity and tolerance (27, 47) . Immature DC residing in nonlymphoid tissues capture and process antigen via their high endocytic capacity (40, 48) and undergo an activation and maturation process after recognition of conserved pathogen-associated molecular patterns present in microorganisms through pattern-recognition receptors. Lipopolysaccharide (LPS) is a well-defined component of gram-negative bacteria wall that induces DC maturation (14, 39) and IL-6, IL-8, IL-12, and TNF-␣ production (59) . DC maturation is paralleled by upregulation of major histocompatibility complex class II (MHC-II) and costimulatory molecules, as well as the secretion of both pro-and anti-inflammatory molecules (26) . Besides the nature of the DC maturation stimuli, the density and quality of DC present in the T-cell areas of secondary lymphoid organs determine the magnitude and class of the T-cell response (41) . The induction of immune response or tolerance may be explained by DC at different developmental stages, characterized by specialized functions. Immature DC have been shown to be able to induce tolerance (15) and, recently, subsets of regulatory DC have been described to be important in maintaining immune homeostasis (5, 46) .
In vitro infection of human DC with T. cruzi has been previously reported to reduce both the secretion of cytokines and the upregulation of costimulatory molecules (57) . Moreover, Planelles et al. (34) demonstrated the impaired function of macrophages and DC following T. cruzi infection and its association with high susceptibility in a mouse strain-dependent manner. Previously, we have demonstrated that T. cruzi acute infection in mice, with the virulent strain RA, downregulates in vivo expression of MHC-II on APC, as well as impairs T-cell stimulatory activity of splenic DC (6).
In the present study, we further investigated possible DC alterations induced by T. cruzi, following a coculture of bone marrow-derived DC (BM-DC) with Tp. First, we analyzed DC infection by Tp and characterized their maturation profile, describing the expression of relevant surface markers, as well as DC endocytic capacity. Finally, we analyzed whether coculture of DC with Tp affects their cytokine production and functionality, thereby limiting their capacity to stimulate lymphocytes proliferation. Our results suggest that even though Tp are deficient inducers of DC maturation, they are efficient modulators of their differentiation, probably toward a regulatory phenotype.
MATERIALS AND METHODS
Mice. Eight-to ten-week-old male BALB/c and C3H/HeN k mice and 2-to 3-week-old male CF1 mice were obtained from the animal facilities of our department. Animal care was in accordance with institutional guidelines.
Parasite purification and TCM. Bloodstream forms (Tp) of the highly virulent RA strain of T. cruzi were used in all of the experiments. Tp were maintained by weekly intraperitoneal inoculation of CF1 mice (10 5 parasites/mouse). Tp were obtained from whole blood at the peak of parasitemia (7 days postinfection) and purified by differential centrifugation or by density gradient, using Histopaque-1083 (Sigma, St. Louis, MO), as previously reported (52) . The mononuclear fraction was collected, and Tp were separated from mononuclear cells by centrifugation (3,000 ϫ g, 10 min, 20°C). Parasites were obtained from the supernatant by centrifugation (10,000 ϫ g, 30 min, 20°C) and resuspended in fresh Iscove modified Dulbecco medium (IMDM; Sigma). The Histopaque-1083 was used when a highly purified Tp suspension totally free of platelets was needed. This situation was assessed in each assay with the corresponding controls. TCM (T. cruzi medium enriched in parasite secretion products), was obtained from suspensions of 10 7 Tp/ml, which were cultured in IMDM supplemented with 10% heat-inactivated fetal bovine serum (FBS; Natocor, Córdoba, Argentina) at 37°C and 5% CO 2 for 24 h, and were filtered as previously described (52) .
Culture of BM-DC. Briefly, bone marrow from femurs and tibias from C3H/ HeN k mice were flushed with IMDM supplemented with 10% FBS, 100 U of penicillin/ml, and 100 mg of streptomycin/ml (referred to below as medium) by using syringes and 25-gauge needles. The tissue was resuspended, and DC were obtained by culturing bone marrow cells, supplemented with 50% supernatant from a granulocyte-macrophage colony-stimulating factor (GM-CSF)-expressing cell line (J558 GM-CSF), as previously described (28) . Cells were cultured at 37°C and 5% CO 2 for 3 days. The supernatant was then removed without disturbing the monolayer and replaced with fresh medium containing 50% of the GM-CSF cell supernatant medium. Cells obtained after 7 days of culture with GM-CSF displayed a myeloid phenotype (Ͼ95% CD11b) and were highly enriched in DC (Ͼ70% CD11c). Cultures showed a low percentage of cells expressing CD11b ϩ GR-1 ϩ (myeloid precursors) and were B220 Ϫ CD8␣ Ϫ . At day 7, cells were harvested by gentle pipetting, washed, plated (10 6 cells/ml) in 24-well plates (Nunc), and cultured in medium with or without 10 g/ml of LPS (Escherichia coli O26:B6; Sigma)/ml and/or Tp (parasite/cell ratio of 1/1, 4/1, or 8/1) for 6, 12, 18, or 24 h, depending on the assay. In some experiments the DC were cultured with different %TCM (10, 50, and 100). Control DC were cultured only with medium.
T. cruzi infection of DC. In order to analyze the infection and also the rate of infection, Tp and DC were cocultured at different Tp/DC ratios (1/1, 4/1, and 8/1) for 24 h. Thereafter, DC were washed to remove free parasites and were further incubated for another 24 h. Then, the DC were washed and stained with antimouse CD11c phycoerythrin (PE)-conjugated monoclonal antibody (BD Pharmingen, San Diego, CA). Finally, they were attached to positively charged glass slides (Fisherbrand, Pittsburg, PA), fixed in methanol, and stained with antiparasite rabbit serum or appropriate controls and fluorescein isothiocyanate (FITC)-conjugated secondary antibody (Sigma). DC infection was assessed by indirect immunofluorescence. The percentages of infected cells at the different Tp/DC ratios were defined after microscopic examination (ϫ400 magnification) of at least 400 cells.
Surface and intracellular staining. For surface staining, cells were washed twice in ice-cold phosphate-buffered saline (PBS) supplemented with 1% bovine serum albumin and 0.1% NaN 3 . To minimize nonspecific staining, cells were incubated with 2% normal mouse serum. The cells were then incubated for 30 min at 4°C with a previously optimized amount of one or more of the following anti-mouse PE-, FITC-, or biotin (Biot)-conjugated monoclonal antibodies: CD11b-PE (M1/70), CD11c-PE or -Biot (HL3), I-A k -FITC (11-5.2), CD40-Biot (3/23), CD80-Biot (16-10A1), and CD86-Biot (GL-1). When necessary, streptavidin-PE or Cy-chrome was used as a second reagent. For intracellular cytokine staining, cells were incubated with brefeldin A (Sigma) for the last 4 h of culture. After surface staining, the cells were fixed in 4% paraformaldehyde (20 min), permeabilized, and stained intracellularly with anti-IL-10-PE (JES5-16E3) in permeabilization buffer (0.1% saponin from Sigma and 10% FBS in PBS). Cells were also stained with corresponding isotype-matched control monoclonal antibodies. Finally, cells were fixed with 1% paraformaldehyde. All monoclonal antibodies and second reagents were purchased from Pharmingen. Samples were acquired on FACSCalibur (Becton Dickinson), and data were analyzed with WinMDI 2.8 software.
Dextran uptake. FITC-dextran (Sigma) uptake was analyzed as described by Sallusto et al. (40) . Briefly and after different treatments, cells were resuspended in medium. FITC-dextran was added at a final concentration of 250 g/ml, and cells were incubated at 37°C for 40 min. To estimate the fluorescence background, cells were also incubated at 0°C (negative controls). Then, DC were washed three times in ice-cold PBS with 1% bovine serum albumin and 0.1% NaN 3 and stained with anti-mouse CD11c-PE (30 min, 4°C), washed, and fixed with 1% paraformaldehyde. FITC-dextran uptake was analyzed by flow cytometry on a FACSCalibur using WinMDI 2.8 software.
Cytokine assay. Cells were harvested at different time points or coculture conditions. The culture supernatants were then collected and stored at Ϫ80°C until used. Mouse IL-10, TGF-␤1, IL-12p70, and IFN-␥ levels were assayed by enzyme-linked immunosorbent assay (ELISA; R&D Systems, Minneapolis, MN) according to the manufacturer's protocol.
Tp labeling with carboxyfluorescein succinimidyl ester (CFSE) and DC infection. Tp labeling was carried out by using a 5 M solution of CFDA-SE (Sigma) diluted in PBS from a stock of 5 mM dimethyl sulfoxide. After Tp were washed two times in PBS, 2 ϫ 10 7 Tp were incubated at 37°C for 15 min with 500 l of CFDA-SE solution as described by Wang et al. (61) . After labeling, Tp were washed three times in PBS and cocultured at a Tp/DC ratio of 4/1 for 12 h. The DC were then washed and stained for flow cytometric analysis.
MLR assay. To test the response of allogenic lymphocytes to stimulation, C3H/HeN k DC were cultured with different stimuli (medium, LPS, Tp, and TpϩLPS) for 24 h, harvested, washed, irradiated (30 Gy), and plated with single-cell suspension enriched in T cells prepared from lymph nodes of 8-weekold female BALB/c mice (90% CD3 ϩ cells analyzed by flow cytometry [data not shown]). Cells were plated at DC/lymphocyte ratios of 1/5 and 1/10 using 10 5 lymphocytes/well and cultured at 37°C and 5% CO 2 in 10% FBS-RPMI 1640 medium (Gibco) supplemented with 2 mM L-glutamine, 100 U of penicillin/ml, 100 mg of streptomycin/ml, and 50 M 2-mercaptoethanol. For neutralization, anti-IL-10 and/or transforming growth factor ␤ (TGF-␤; JES052A5 and 9016; R&D Systems) or isotype-matched control antibody were used at 10 g/ml. Neutralization was performed during DC differentiation with TpϩLPS (cells were then washed and used as accessory cells in the mixed lymphocyte reaction [MLR] assay), during MLR after DC treatment with TpϩLPS, and in control DC. MLR assay was performed in 96-well microplates (Nunc) in triplicate and cultured for 3 days. Cultures were pulsed with 1 Ci of [ 3 H]thymidine/well for the last 18 h. Finally, cells were harvested and counted by using a Rack beta scintillation counter (Pharmacia).
Statistical analysis. Analysis of variance and Bonferroni's or Dunnett's multiple-comparison tests were performed in order to analyze statistical significance. The median fluorescence intensity (MFI) was analyzed by using nonparametric Friedman's and Dunn's multiple-comparison tests. All analyses were carried out with GraphPad Prism 4 software for Windows. A P value of Ͻ0.05 was assumed to be significant.
RESULTS

Tp infect DC.
As a first step, we assessed whether Tp affect the phenotype of BM-DC obtained after 7 days of culture with GM-CSF conditioned medium. Both control and Tp-cocultured cells displayed a myeloid phenotype (Ͼ95% CD11b) and were highly enriched in DC (Ͼ70% CD11c) (Fig. 1A ). There were no significant differences between them in any of the markers described in Materials and Methods (data not shown).
In order to test the infection of DC with Tp, cocultures were performed at different parasite/cell ratios, as described above.
As expected, intracellular Am were detected in CD11c ϩ cells by indirect immunofluorescence (Fig. 1B) . The mean percentages of infected cells (Ϯ the standard errors of the mean) at Tp/DC ratios of 1, 4, and 8 were 3.2 Ϯ 0.2, 11.9 Ϯ 0.2, and 16.3 Ϯ 1.2, respectively. Cell viability was not altered by the infection in relation to controls, as assessed by propidium iodide staining using flow cytometry analysis (data not shown).
Tp fail to upregulate MHC-II and costimulatory molecules and reduce LPS-induced upregulation of MHC-II on DC.
There is growing evidence that pathogens have evolved and developed multiple strategies to evade the immune system to persist in an immunocompetent host. Several reports have demonstrated that although some viruses and intracellular microorganisms induce the activation of DC due to the development of cell-mediated immunity (17, 19, 21) , others display mechanisms that interfere with DC full activation, possibly affecting the first steps in the initiation of an effective immune response (20, 56) .
To test the impact of Tp on DC maturation in vitro, BM-DC were cultured in medium with or without LPS and/or Tp for 24 h. We then analyzed by flow cytometry the expression of the surface markers described above on CD11c ϩ cells. LPS enhanced the expression of MHC-II, CD40, CD80, and CD86. In contrast, DC cocultured with Tp displayed low levels of these surface markers with no significant differences in MFI with control cells. Moreover, the coculture with Tp reduced the MFI of MHC-II surface expression induced by LPS but maintained high levels of costimulatory molecules ( Fig. 2 and Table 1 ).
Dextran uptake. Immature DC are extremely efficient in antigen capture, but they lose the endocytic capacity during their maturation process (8, 40, 48) . To further analyze the maturation state of Tp-treated DC, FITC-dextran uptake experiments were performed.
As shown in Fig. 3 , FITC-dextran uptake was strongly reduced in DC after LPS exposure. Few or no changes were detected in the MFI after Tp coculture compared to the control at 37°C (data not shown). FITC-dextran intake was higher in Tp than in LPS-treated DC (Fig. 3A) . Tp also induced a slight increase in the number of cells that incorporated FITCdextran compared to the control, showing a significant difference between Tp and LPS-treated DC (P Ͻ 0.05; Fig. 3B ). When TpϩLPS were present, FITC-dextran uptake was reduced to the levels of LPS treatment (data not shown).
Tp regulate cytokine production by DC. Cytokine production by DC is subject to a tight regulation, being generally transient and restricted to a narrow temporal window after the induction of DC maturation (26, 41) . In light of our results, the attention was focused on the analysis of cytokines that might modulate the activation process of DC. Both IL-10 and TGF-␤ are well-known immunosuppressive cytokines (4, 31, 58) , and both have been reported to be produced during T. cruzi infection (37, 44, 45) .
In order to assess whether Tp modulate the production of these cytokines, DC with or without LPS were incubated in the presence or absence of Tp for 24 h. Then, cytokine secretion was measured in culture supernatants by ELISA. As shown in Fig. 4 , Tp increased twofold the IL-10 production induced by LPS (P Ͻ 0.05), whereas there was no significant production of this cytokine with Tp alone (Fig. 4A) . Tp also increased TGF-␤ production by DC (P Ͻ 0.05, Fig. 4B ). On the other hand, Tp significantly reduced the levels of IL-12p70 induced by LPS (P Ͻ 0.05, Fig. 4C ), while IFN-␥ levels were below the detection limit of the assay (data not shown).
Dose-response secretion of TGF-␤ and IL-10 induced by Tp but not by Tp secretion products. Increasing numbers of parasites induced an enhanced secretion of both TGF-␤ and IL-10 by DC in a dose-dependent manner (Fig. 5A and B) . Interestingly, these findings were correlated with an increasing percentage of infected cells with an active intracellular multiplication of Am at different parasite/cell ratios (see above). We then investigated whether secretion of TGF-␤ and IL-10 was induced by Tp secretion products, so DC were cultured at different %TCM. Neither TGF-␤ nor IL-10 was induced by 
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T. CRUZI INDUCES REGULATORY DC 2635 TCM ( Fig. 5A and B) . Furthermore, TCM did not enhance the IL-10 secretion induced by LPS as Tp did (Fig. 5C ). These findings suggest that both TGF-␤ and IL-10 secretion requires the presence of Tp in culture and possibly cell-to-cell contact and/or early infection.
Secretion of IL-10 and TGF-␤ by DC occurs early in time, and IL-10 secretion does not require DC infection. We studied the kinetics of IL-10 and TGF-␤ production over 24 h. Tp alone induced a slight increase of IL-10 secretion, which was enhanced at 12 h but did not modify the basal secretion of IL-10 in a significant manner. As expected, it was enhanced after LPS addition, at 6 h after stimulation, and was sustained for at least 24 h. Tp addition exerted a synergistic effect on the IL-10 secretion induced by LPS, increasing Ͼ3-fold the production induced by LPS alone at 12 h after stimulation (P Ͻ 0.01). The difference remained significant up to the end of the experimental observations (P Ͻ 0.05) (Fig. 6A) . TGF-␤ levels only increased in the presence of Tp with or without LPS and were detectable since 6 h after Tp coculture. The levels then remained unchanged (data not shown).
In a second round of experiments, we analyzed whether the IL-10 production was associated with DC infection. Initially, we measured the percentage of infected cells using Tp labeled with CFSE as described above and characterized the percentage of DC that produced IL-10 after 12 h of coculture (Fig.  6B) . When we analyzed the gate of IL-10 producers-DC, we observed that only 22% were infected (CFSE) (Fig. 6C) .
MLR. Fully mature DC can be characterized by their ability to induce immunity, which can be reflected in their capacity to initiate strong lymphocyte responses (8, 27) . Our results show that Tp downregulate the MHC-II expression on LPS-treated DC and also that Tp modulate the cytokine profile of DC toward a regulatory one (Fig. 2 and 4) . To test the stimulatory capacity of DC preactivated with LPS in the presence or absence of Tp, we performed an allogeneic MLR using two different doses of pretreated and/or cocultured DC. LPS-mature DC gained a strong stimulatory capacity (P Ͻ 0.001) that was not observed in DC that were prestimulated with Tp. During LPS pretreatment, the addition of Tp inhibited DCstimulatory capacity, taking it to the levels shown by control DC (Fig. 7A) .
In order to get deeper in the analysis of the possible role of both TGF-␤ and IL-10 in the inhibition of the LPS-induced response by Tp, we carried out experiments with neutralizing antibody simultaneously with LPSϩTp treatment during the differentiation process of DC or during MLR. We observed a clear reversion of the inhibitory effect induced by Tp on LPS treatment during MLR when IL-10 was neutralized during the stimulation process of DC (P Ͻ 0.01). As expected, this reversion was not displayed in control DC. Surprisingly, the neutralization of TGF-␤ during DC stimulation increased the inhibitory effect induced by Tp observed in the MLR (P Ͻ 0.05; Fig. 7B ). Simultaneous addition of IL-10 and TGF-␤ neutralizing antibody during the MLR partially increased lymphoproliferation in a nonsignificant manner (Fig. 7B) . These results showed that both cytokines were probably important in the described inhibitory event during the MLR. However, only IL-10 seems to play a critical role in DC differentiation induced by Tp because the inhibitory capacity of DC can be reversed by the use of neutralizing antibody during that differentiation process. Indeed, it was previously reported that IL-10 modulates T-cell responses mainly via its suppressive effects on APC (43, 60) .
DISCUSSION
In a previous study, we showed that T. cruzi infection can inhibit APC activation, modulating the expression of MHC-II and downregulating T-cell stimulatory activity of splenic DC (6). In addition, independent studies have shown the ability of parasite molecules or the whole parasite to trigger different activities in cells from the innate immune system that are important determinants of host resistance to T. cruzi infection (9, (11) (12) (13) 33) . However, whether the parasite itself can modulate and/or switch the DC responses modifying their role in the development of innate and/or adaptative immunity remains unknown.
In the present study we demonstrated that T. cruzi fails to activate DC in vitro, as reflected by their low expression of MHC-II and costimulatory molecules after coculture with Tp. We also observed that DC preserve their endocytic capacity, a feature of immaturity. Interestingly, Tp induce DC secretion of TGF-␤ and IL-10, both in a dose-dependent manner. TGF-␤ is a cytokine with immunoregulatory properties (4, 49) , and both, IL-10 and TGF-␤ were shown to be important in the induction of tolerance (31, 43, 50, 63) .
Immature DC have been shown to induce tolerance (15) . Recently, a new regulatory subset of DC, displaying a Th-2 cytokine profile with an increased secretion of IL-10 and less IL-12 and that also inhibits antigen-specific T-cell proliferation, has been reported in vivo (64) . Moreover, LPS or other Toll-like receptor (TLR) agonist treatment could not reverse the inhibitory function of these regulatory DC (36) . TLRmediated recognition of microbial components by immature DC induces a reprogramming of cellular functions (29, 42) . LPS treatment induces DC maturation, a phenomenon that involves increased expression of MHC-II, CD40, and costimulatory molecules such as CD80 and CD86 (14, 39, 59 ). Therefore, using LPS to activate DC, we further analyzed whether this treatment affected the apparent regulatory profile of our cells obtained after coculture with Tp. As we demonstrated here, Tp modulate the maturation process of DC currently induced by LPS, downregulating the expression of MHC-II on their surface. Moreover, we found that during Tp coculture and LPS treatment, DC secrete high levels of TGF-␤ and IL-10 and also that Tp have a synergistic effect on IL-10 secretion induced by LPS. Both cytokines were reported to be produced during T. cruzi infection (37, 44) . Besides, a previous study showed that the addition of IL-10 and TGF-␤ inhibits the anti-parasite response by IFN-␥-activated macrophages in vitro (16) . IL-12 is the major Th-1-polarizing cytokine produced by DC (24), and its production can be modulated by cytokines such as IL-10 and mediators present during induction of maturation that can exert an inhibitory effect (41) . Interestingly, IL-12 has been reported to mediate a mechanism of resistance to T. cruzi in an IFN-␥-and TNF-␣-dependent way (23) , and previous studies have associated the production of IL-10 with the suppression of a protective cell-mediated immune response to T. cruzi (3, 22, 37) . In contrast to the reported induction of IL-12 by Tp in macrophages (7), our results showed that Tp inhibit the upregulation of IL-12 by LPS in DC. Previous works have also reported different responses displayed by DC and macrophages after the stimulus with parasitic protozoa. One example is Leishmania donovani, which settles the infection via macrophage invasion (19) . In light of these results, we assume that T. cruzi might be displaying an evasion mechanism, polarizing the DC response to an immunoregulatory one. We also evidence that the regulatory profile induced by Tp is strong enough to counteract TLR-4 activation.
The regulatory role of T. cruzi has been previously reported in an in vivo study (53) , where it was shown that experimental autoimmune encephalomyelitis is prevented and cured by infection with T. cruzi. A regulatory profile induced by T. cruzi may limit DC capacity to initiate a strong protective response, affecting the first-line mechanisms involved in the control of parasite burden and finally resulting in a failure to control the infection during acute Chagas' disease.
All our results indicate for the first time that Tp may be responsible for the induction of regulatory DC in vitro. The regulatory DC subsets reported until now have similar functions but exhibit different phenotypes, and their hallmark is the inhibition of T-cell proliferation (54) . Several studies have shown that a certain population of phenotypical mature DC, expressing high levels of costimulatory molecules and/or MHC-II molecules, may induce T-cell unresponsiveness and also possess tolerogenic properties (5, 30, 60) . A previous study reported that accessory cells in contact with T. cruzi in vitro became incompetent as APC, being unable to induce a normal T-cell proliferative response (32) . Here, we demonstrated that the presence of Tp during LPS pretreatment of DC makes them lose their capacity to induce lymphocyte proliferation, in spite of their upregulated expression levels of CD40, CD80, and CD86. Furthermore, Tp even enhance the gap between IL-10 and IL-12p70 production, inducing a high IL-10/IL12p70 ratio during LPS treatment. It was previously reported that IL-10 modulates T-cell responses mainly via its suppressive effects on APC (43, 60) . In vitro neutralization assays evidenced that IL-10, and not TGF-␤, is one of the responsible for DC differentiation to a regulatory phenotype by Tp. Thus, we can clearly confirm that Tp exert an inhibitory effect, affecting DC functionality even in a context of activation using LPS, and that this phenomenon involves at least IL-10 during DC differentiation.
Since our experimental condition makes it impossible to block infection without affecting DC functionality, we cannot assume whether early infection of DC or just Tp-DC contact is required for the induction of a regulatory phenotype. However, the early secretion of immunoregulatory cytokines, the results showing that a low percentage of IL-10 producing-DC are infected after 12 h of coculture, and the identical kinetic of IL-10 secretion induced by K98 (a strain with low rate of infection) (data not shown) support the idea that the differen- On the other hand, these data strongly suggest that the mechanisms involved in that regulation were totally independent of parasite multiplication because Tp of RA require 6 h after cell invasion to complete the first multiplicative cycle, whereas K98 requires more than 24 h (G. A. Mirkin, unpublished data). However, additional studies are necessary in order to understand the mechanisms of that phenotype induction.
Further investigations about the molecular mechanisms involved in T. cruzi induction of regulatory DC in vitro would permit a better understanding of how the parasite can evade or regulate the immune system in order to persist. Future studies would also provide additional tools for developing new strategies for effective immunotherapy.
